THE LIFE HISTORIES OF MARINE PROSOBRANCH 
GASTROPODS 


By D. T. ANDERSON, Ph.D.* 
INTRODUCTION, 


The Australian littoral, especially along its more northerly reaches, 
displays a diversity and richness of life equal to that of any part of the 
world. It is still true to say, however, that very little is known of the 
biology of Australian shore animals. Almost every common species presents 
problems of numbers, distribution, habits of life and ecological relation- 
ships, as well as of such less fashionable matters as comparative anatomy 
and physiology, each of which calls for intensive treatment if we are 
to have a full understanding of this conspicuous and colourful component 
of Australia's natural fauna. The present article calls attention to a 
small aspect of this vast and complex challenge to our curiosity, a field 
more neglected than most, and yet among the easiest to gain new 
information about, life history studies of the littoral representatives of 
the prosobranch gastropod molluscs. 


A full understanding of the opportunities and the scope of the 
problems in this field demands that account be taken of the present state 
of our knowledge of prosobranch life histories. Numerous scientific 
papers have been contributed on the subject by many authors, dating 
back as far as the middle of the last century, but examination of them, 
while it yields much that increases our understanding, reveals two 
important facts. Firstly, it is clear that the numbers of prosobranch 
species whose life histories are known is greatly exceeded by the number 
unknown. Generalizations are thus accepted whose factual basis is 
knowledge of but a fraction of classified genera and species. Secondly, 
students of prosobranch life histories have made their observations almost 
exclusively on European and North American species. The species of 
the southern continents, including Australia, are for the most part 
different even within families represented in common in both hemispheres, 
while the southern shores offer further for study numerous tropical and 
sub-tropical species belonging to families whose life history patterns 
we know not at all Since no true picture of any aspect of biology can 
be gained without encompassing reference to its entire range of manifes- 
tation, the significance of this gap in knowledge is plain. 

The information that we require of these species can be simply 
outlined. Onset and duration of the breeding season, the number of 
fertilized eggs produced by each female, the manner in which the eggs 
are laid and the nature of the spawn in species where they are not shed 
freely into the water, details of egg size and yolkiness, the duration of 
early development and the stage at which the embryo becomes a frec- 
living feeding larva, the form of the larva and its detailed behaviour, the 
transformation of larva into adult at metamorphosis and the degree to 
which reorganization takes place, the mortality at each phase of develop- 
ment and the colonisation of the adult habitat by new individuals are all 
matters which have several kinds of significance. "They are an essential 
part of the record of the natural history of one of Australia's most 
characteristic groups of animals; a prerequisite to understanding the 
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evolution of the prosobranchs; and a basis for analysing ecological relation- 
ships among these animals, which cannot be done satisfactorily without 
knowledge of the mode of maintenance and increase of their populations 
and the factors which might bring about population movements and limit 
numbers and geographical range. 


It is unfortunate for the intending worker in this field of study, open 
as much to the amateur as to the professional marine zoologist, that the 
numerous papers referred to above are scattered through a large number 
of scientific journals. Furthermore, although the more comprehensive of 
them review in some detail certain aspects of prosobranch life histories, 
there is no easily accessible source of reference to contemporary knowledge 
of the subject such as would quickly guide those wishing to further this 
knowledge through interest in their own local fauna. It is to fulfil such 
a need and to juxtapose the known and unknown in terms of specifically 
Australian opportunities that the present article has been prepared. 


A BRIEF SUMMARY OF PRESENT KNOWLEDGE. 


The majority of littoral prosobranchs are, of course, dioecious, although 
hermaphroditism has been occasionally recorded, particularly in Crepidula 
fornicata (Calyptraeidae; Conklin 1897, Orton 1909, 1922, Ankel 1935, 
1936, Lebour 1937, Werner 1955). The anatomical differences which 
allow the  prosobranchs to be separated into three systematic 
orders, the  Archaeogastropoda, Mesogastropoda and Neogastropoda*, 
however, are accompanied by differences in their modes of breeding. 
Copulation is rare in archaeogastropods except in the Neritidae, the family 
most closely related to the mesogastropods. Eggs and sperm are either 
shed freely in large numbers into the water ( Text fig. A; Fissurellidae, 
Haliotidae, Acmaeidae, Patellidae, some Trochidae) or deposited in groups 
embedded in a simple gelatinous matrix (Text fig. B; other Trochidae, 
Neritidae). Since in trochids which produce such jelly masses fertilization 
is external, a form of pseudocopulation involving association in pairs or 
groups, male and female together, must accompany spawning. Most 
archaeogastropods produce small  microlecithal eggs, 60-100 4 in 
diameter, which develop rapidly into free-swimming trochophore larvae 
(Text fig. C) feeding on planktonic micro-organisms. Development of the 
free swimming larva quickly proceeds to shell formation, 180° torsion 
and the attainment of the basic prosobranch organization, with head, foot 
and visceral hump clearly outlined, the foot bearing a thin operculum, the 
visceral hump being covered by the already spirally coiled shell (Text fig. D). 
The prototroch of the trochophore becomes greatly enlarged to form the 
velum, the main propulsive organ of the now completed veliger larva. 
As planktotrophic life continues, the veliger enlarges and adds further to 
its shell. Within a short time metamorphosis ensues, the velum is either 
cast off or resorbed, and the veliger sinks to the bottom and assumes the 
crawling mode of life of the adult. Successful adoption of the latter 
depends on settlement on a suitable substratum, but little is yet known 
of the factors which influence or prevent settling in any species. 

Some trochids, neritids and patellids produce larger eggs containing 
a greater volume of yolk. Here the trochophore organs are largely 
suppressed and the embryo either becomes free swimming as a lecitho- 
trophic trochophore or remains within the jelly in which it is spawned. In the 
former cas? pelagic life is of very short duration, its significance being 
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mainly distributive, and settling follows the initial transformation into a 
veliger with a simple velum, metamorphosis proceeding gradually once 
the adult habitat is attained. Where such large eggs are spawned in 
jelly, hatching from the jelly is generally delayed until the completion of 
metamorphosis, when the embryo emerges as a fully formed crawling 
miniature adult. One species of acmaeid, Acmaea rubella, becomes 
free at this stage after developing within the maternal oviduct. This is 
the only known case of viviparity among the archaeogastropods. 


The course of development from the egg through to the smallest 
adult stage may vary between species of a single family, even between 
species of a single genus, a matter referred to by Coe (1949). The 
importance of such variations in assisting a taxonomic distinction between 
closely related species whose adults are almost indistinguishable is being 
increasingly recognized for marine invertebrates, but does not yet appear 
to have been exploited in prosobranch systematics save by Anderson 
(1958), who separates species of Bembicium on the basis of differences 
in their egg masses, Moreover, comparative studies of mode of deposition 
of the eggs (establishing the environment of early development), egg 
size and yolkiness, the related degree of development of larval ciliation, 
speed of development and what might be called the retentiveness of 
the gelatinous spawn where present (some prosobranch egg masses offer 
more obstacles to escape of the embryos than others) have received little 
attention in prosobranchs, although it is obvious that they form an 
interrelated complex whose total effect broadly determines the life history 
patterns of species. 

Among the mesogastropods, the much larger number of families is 
associated with a similarly greater diversity of life-history patterns. All 
of them, however, appear to be derived from the basic pattern of the 
primitive archaeogastropods. 


All mesogastropods show copulation. Subsequently, the female 
produces eggs that are always yolky and deposited almost always in a 
cocoon. In the more primitive species this may be simply a gelatinous 
matrix, as in the archaeogastropods, or a group of such jelly masses 
together (Text fig. E). The trochophore stage is largely suppressed and 
passed within the jelly of the cocoon, so that hatching occurs at the 
earliest as a veliger (Text fig. G). This may be either active plankto- 
trophic (Text fig H), with a long planktonic life, or lecithotrophic, with 
a short planktonic life (Text fig. I). In the former a well-developed 
spiral shell of several whorls is formed during growth of the veliger in 
the plankton; in the latter, the shell is characteristically bulbous and 
shows little sign of spiral growth before metamorphosis. Metamorphosis 
is usually a rapid process in the planktotrophic veliger, settling as a 
miniature adult following it directly, but in the lecithotrotrophic veliger 
it proceeds gradually after settling has taken place. The same problems 
of larval settlement and the conditions which influence it exist in the 
mesogastropods as in the archacogastropods, as do those of the relationship 
between mode of spawning, egg size, ciliation, etc. and pattern of the 
life history. 

Great variation occurs in the egg cocoons. In a very few primitive 
species no cocoon of any kind is produced, the eggs being simply shed 
freely into the water. Most species produce jelly masses, but there are 
many which elaborate on this, laying a series of capsules each with a 
tough outer wall and internal jelly in which the eggs are embedded 
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ÉPE-CHOUmHOgOER 


Text figure. (Diagrammatic). 


Archaeogastropod eggs. 

Archacogastropod jelly mass. 

Archaeogastropod trochophore. 

Archaeogastropod veliger. 

Primitive mesogastropod jelly mass (Bembicium). 
Advanced mesogastropod egg capsules (Mayena). 
Mesogastropod early veliger. 

Shell of planktotrophic late mesogastropod veliger. 
Shell of lecithotrophic late mesogastropod veliger. 


Neogastropod egg capsules (Dicathais). 
Encapsulated neogastropod veliger. 


Neogastropod crawling hatching stage. 
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(Text fig. F); while the capsules themselves may be deposited in a 
group of characteristic overall shape. Others lay a tough jelly string 
with a series of fluid-filled spaces inside, the eggs floating in the fluid, 
which appears to be a nutritive albuminous substance. In a few species, 
only one or two of the eggs in each space develop, the others forming 
nurse eggs which are utilized as food by the developing veligers. These 
more elaborate provisions for protection and ensured food supply are 
generally accompanied by suppression of the normal trochophore-veliger 
temporary organs, more direct development to hatching as a crawling 
miniature adult, and occasionally the precocious development of the 
adult feeding apparatus as a means to utilizing available food. Hatching 
from the spawn is greatly delayed in such species. There appears also 
to be a correlation between the length of planktonic veliger life and the 
number of eggs spawned by the female. Species with a long-lived 
planktotrophic veliger produce eggs in very large numbers: those whose 
development is direct generall produce many less eggs. A very few 
species of mesogastropod are ovoviviparous, retaining their eggs within 
a brood chamber, a specialized part of the oviduct, until their development 
is completed and they are born as young adults. The European Littorina 
saxatilis is one such species. In fact a clear adaptive relationship between 
life history pattern and distribution on the shore is seen for the European 
littorinids, which exhibit a zonation as marked as that of the Bembicium— 
Melaraphe—Nodilittorina zonation of the Australian coast. 


L. littorea; lower littoral-eggs laid in floating jelly masses, long planktonic 
life. 

. obtusata: mid-littoral-eggs laid in jelly masses, hatch crawling. 

. saxatilis: upper littoral-ovoviviparous, born crawling. 


. neritoides: upper littoral—eggs released freely into sea, long planktonic 
life, 


The exceptional life history of L. neritoides, which although it is highest 
on the shore of all these species, shows no obvious adaptation to breeding 
in such a situation, only emphasises how difficult it is to make generaliza- 
tions about prosobranch life histories and how great is the need for 
further information. We do not yet know if comparable adaptations are 
to be found among the Australian species. 


As with the archaeogastropods, the pattern of the life history in 
mesogastropods may vary within families, even within genera, from the 
extremes of long pelagic planktotrophic life to direct adoption of the 
benthic crawling habit. The wide variation that is possible within a 
single genus is clearly displayed by the example of the littorinids men- 
tioned above. No mesogastropod, however, hatches before the veliger 
stage. 

The neogastropods in general resemble the most specialized of the 
mesogastropods in their life histories. All of them lay eggs in tough 
capsules filled with gelatinous fluid (Text fig. J). The eggs may be 
relatively small, with escape taking place at the veliger stage to a long 
pelagic planktotrophic life, but usually the eggs are large and yolky, 
hatching is delayed and pelagic life is either very short or omitted 
(Text figs. K, L). In some species development within the capsules 
may take several weeks, hatching occurring as a relatively large juvenile. 
Nurse eggs are characteristic of certain families of neogastropods, and 
almost all species provide an albuminous nutriment for the encapsulated 
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embryos. The problems of relation between mode of oviposition and 
mode of development, of larval settlement and distribution, etc., are as 
obvious for the neogastropods as for other prosobranchs, while generic 
and familial variation again need further detailed study. 


In general it can be said that the archaeogastropods tend towards a 
short pelagic life, the mesogastropods towards a long pelagic life, while 
in most neogastropods the pelagic phase is omitted. The mesogastropods 
are thus perhaps the most difficult subjects for life history studies, since 
even if their egg masses can be found and identified, their planktotrophic 
veligers are very sensitive to culture conditions, and usually die after 
a few days. However, in such circumstances a fairly accurate estimate 
can be made of whether or not the type of veliger under consideration 
is an important constituent of the plankton by examining: 


(a) The numbers of eggs hatching as veligers, which should be high. 

(b) The ciliary feeding mechanism of the veliger, which should be 
conspicuous and elaborate. 

(c) ES ape shell, which should be well developed and 'spirally 
coiled. 

(d) The absence of yolk from the visceral hump and advanced 
differentiation of the internal organs. 


It has been demonstrated from a number of studies of prosobranch 
life histories that in the colder regions of the northern hemisphere 
planktonic larvae are either absent or exceptional, but that they become 
more cOmmon among species of the temperate zone, and are almost 
exclusive among tropical species. Such studies, however, may not reflect 
the position of the Australian fauna, since they have not included 
numerous species of neogastropod such as are characteristic in this 
country. Only detailed investigation of our many unique species can 
determine whether or not the tentative conclusions that have emerged 
from studies in the northern hemisphere can be applied without qualifi- 
cation to the Australian littoral prosobranchs. 


AN APPROACH TO THE PROBLEM. 


Familiarity with the general pattern of life histories to be expected 
among our littoral prosobranchs, together with a synoptic view of the 
many aspects of a life history relevant to a complete picture, provide a 
starting point for the investigation of individual local species. In order 
to indicate those which would repay study, a summary is given below of 
the littoral genera which have species commonly represented along various 
parts of the Australian coast, together with such information as we have 
about their life histories; and for comparison, species of the same families 
whose life histories are known, with references to their description, are 
listed. Of the latter, only species for which a reasonably full account is 
available are mentioned, and only the important references given for each. 
These will lead the interested reader to other references and to the few 
other species of which we have fragmentary knowledge. It is also 
essential to take account in studies of this kind of the work of Lebour 
(1937) and Thorson (1946, 1950), whose summaries of the life histories 
of the prosobranchs of distinct faunal areas, namely, the British proso- 
branchs and the Danish Baltic prosobranchs, are the only comprehensive 
accounts of their kind available. 
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(1) Order ARCHAEOGASTROPODA. 


Fissurellidae. — Only for one species of this interesting primitive 
family, Diodora apertura, is the life history known (Boutan, 1885), and 
this species is unusual among primitive archaeogastropods in spawning its 
eggs in a jelly mass from which the young hatch crawling. Species of 
Tugali, Emarginula, Montfortula, Scutus, Elegidion, etc., would no doubt 
provide a much broader picture of the life histories of the family. 


Haliotidae. — One European species of haliotid, Haliotis tuber- 
culata, has been intensively studied (Crofts, 1937, 1955), and one 
Japanese species, Haliotis gigantea, in less detail (Murayama, 1935). 
Both shed their eggs freely into the water and have a planktotrophic 
trochophore and veliger. We do not yet know whether this is also true 
of the Australian species of Haliotis, Notohaliotis and Gena. 


Trochidae. — While three northern hemisphere species of trochid, 
Gibbula magnus, G. cineraria and G. umbilicalis, shed their eggs freely 
and have planktotrophic trochophores and veligers (Robert 1902), 
all other described species deposit their eggs in jelly and hatch at the 
crawling stage (Gibbula tumida (Gersch 1936), Calliostoma ziziphynum 
and C. papillosum (Lebour 1936, Crofts 1955), Margarites helicinus 
(Thorson 1935), Cantharidus (= Trochus) exasperatus and C. 
(= Trochus) striata (Robert 1902)). Study of the many Australian 
species included in the genera Austrocochlea, Trochus, Clanculus, Thaliota, 
etc. would greatly extend our knowledge of trochid life histories. Trochus 
niloticus is reported by Moorhouse (1932) to shed its eggs freely in the 
primitive manner. 


Turbinidae. — Nothing appears to be known of turbinid life 
histories save that the British species Tricolia pullus sheds its eggs freely 
into the water (Lebour 1937). The many common species of Australian 
genera such as Turbo, Ninella, Subninella and Bellastrea could serve to 
establish the typical life history patterns of the family. 


Acmaeidae. — The few known species of acmaeid show a wide 
range of life history patterns. Patelloida virginea sheds its eggs freely 
and has planktotrophic trochophores and veligers (Boutan 1898, 1899). 
Patelloida tessulata ( — Acmaea testudinalis) lays its eggs in jelly, from 
which the embryos hatch as pelagic veligers (Wilcox 1905). Acmaca 
rubella, an arctic species, is viviparous (Thorson 1935; see p. 18). Presum- 
ably the Australian species of Notoacmaea, Patelloida, etc., fit within this 
pattern, but we do not yet know where. 


Patellidae. — All patellids so far studied shed their eggs freely 
and have planktotrophic trochophores and veliger larvae (Patella vulgata 
(Dodd 1957, Crofts 1955, Smith 1935), Patella cerulea (Patton 1886, 
Lo Bianco 1899), Patina pellucida (Crofts 1955, Lebour 1937, Smith 
1935)). Artificial fertilization appears to lead to successful culture in this 
family and could be employed for local species of Cellana, Patellanax, 
etc. 

Neritidae. — All neritids so far studied, unlike other archaeogastropods, 
deposit their eggs in dome-shaped hard capsules. Hatching generally 
takes place at the crawling stage (Nerita albicella, N. reticulata, Risbec 
1932) after a long period of development, though in three species of 
Nerita from Bermuda Lebour (1945) suggests that there may be a 
pelagic phase in the life history. A brackish water species, Neritina 
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fluviatilis, is unusual in having nurse eggs within the capsule, with only 
a single embryo hatching (Bondensen 1940). Nothing is known of 
Australian neritid life histories save that the very common Melanerita 
melanotragus produces typical neritid egg capsules (Hedley 1916, 1923). 


(2) Order MESOGASTROPODA. 


Littorinidae. — Reference has already been made (p. 20) to the 
wide variety of life history patterns shown by the littorinids and to their 
partial adaptation to environment. The details that have been obtained 
for northern hemisphere species are summarised below: 


(a) Eggs laid singly in floating capsules, hatching as planktotrophic 
veligers: 


Littorina littorea—lower littoral: Hayes (1929), Linke (1934), 
Lebour (1937), Moore (1937). 
L. neritoides—supra-littoral fringe: Lebour (1985b). 
L. zigzag 
Tectarius muricatus t Lebour (1945). 
Echinella trochiformis | 

(b) Eggs laid in jelly, hatching as planktotrophic veligers. 

Lacuna divaricata: Hertling and Ankel (1927). . 
Hertling (1928, 1931), Lebour (1937). 

(c) Eggs laid in jelly, hatching at crawling stage. 

Littorina obtusata—mid-littoral: Pelseneer (1911), Delsman 
(1914), Linke (1934). 

Lacuna pallidula: Hertling and Ankel (1927), Lebour (1937), 
Gallien and Larambergue (1938). 

(d) Ovoviviparous, young born as planktotrophic veligers. 

Littorina angulifera—supra-littoral, mangrove swamps: Lebour 
(1945). 

(e) Ovoviviparous, young born at crawling stage. 

L. saxatiliscupper littoral: Pelseneer (1911), Delsman 
(1914), Linke (1984). 

As already pointed out (p. 20), we do not yet know whether the 
Australian littorinids show corresponding adaptations of the life history 
to environment, an especially interesting case being the Bembicium, 
Melaraphe, Nodilittorina zonation familiar to all students of rock platform 
prosobranchs. This group of animals calls for close attention. 


Planaxidae. — Nothing is known of planaxid life histories. Species 
of several local genera, notably Hinea and Planaxis, could easily be studied. 
Rissoidae. — Lebour (1937) points out that the numerous species 


of small snails included in the Rissoidae probably make an important 
contribution to the plankton of British waters, and the same may. be 
true of Australian waters, since many rissoid species abound along our 
coasts. Again, however, we know nothing of their life histories, and 
indeed only a few are known within the entire family. They characteris- 
tically produce oval, tough, thick-walled egg capsules, each containing x 
small number of eggs (Onoba semicostata, Alvania punctura, Rissoa sarsi, 
R. inconspicua, Lebour (1934a, 1935, 1937) ). The three last named species 
hatch as planktotrophic veligers: the first hatches at the crawling stage. 
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Cerithiidae. — The opportunity to extend our knowledge of the 
life histories of cerithiid prosobranchs lies with the coral reef genera 
of the north, notably Cerithium. The need for such study is shown by 
the fact that only two cerithiids have been briefly examined so far, the 
Haiwaian Clava obeliscus (Ostergaard 1950) and the Bermudan Cerithium 
ferruginum (Lebour 1945), both of which lay long coiled gelatinous egg 
strings from which hatch planktotrophic veligers. 


Potamididae. — Of this family, closely related to the cerithiids, 
we have even less knowledge. Only one species, Bittium reticulatum, 
has been adequately studied (Lebour 1936) and found to lay its eggs 
in a jelly mass from which again hatch planktotrophic veligers. The very 
common Pyrazus and Bittium species of Australia could thus be studied 
to advantage. 


Turritellidae. — The turritellids again are almost unknown. Only 
the life history of Turitella communis has been recorded (Lebour 19332), 
its eggs being laid in a jelly mass from which lecithotrophic veligers with 
a short pelagic life emerge. The common turritellids of Australia, e.g., 
Turritella and Gazameda species, have not been examined. 


Scalidae, — The life histories of two species of Scala are known 
( Vestergaard 1935, Lebour 1937), their eggs being laid in small capsules 
and probably hatching as planktotrophic veligers. Further, one of these 
species, S. clathrus, is reported to be a protandrous hermaphrodite ( Ankel 
1936, 1938). Although they are not especially common as Australian 
littoral forms, scalid species do occur, and may well provide interesting 
additions to this fragmentary story. 


Strombidae. — Like the cerithiids, strombs are characteristic reef 
animals, yet we know little of their life histories. Ostergaard (1950) and 
Risbec (1932) report that Strombus maculatus, S. rugosus and Lambis 
(— Pterocera) lambis all lay long, fine, coiled gelatinous egg strings, some- 
what like those of opisthobranchs, and that the eggs of S. rugosus hatch 
as pelagic veligers. The Australian reef species have not been studied. 


Naticidae. — All naticids appear to produce a characteristic spawn, 
a cylindrical ribbon of jelly covered externally by sand grains and having 
inside large individual egg spaces filled with nutritive albumen. The life 
histories of three northern hemisphere species have been studied, and 
show a wide range of variation. Natica nitida (Hertling 1932, Lebour 
1937) hatches as a planktotrophic veliger, N. pallida ('Thorson 1935) 
hatches at the crawling stage and N. catena (Ankel 1980), (Hertling 
1932) hatches again at the crawling stage after a long period 
during which it feeds on nurse eggs. How far the life histories of 
Australian species of Conuber (— Uber), Natica and Mamilla correspond 
to any of these types is unknown. 


Cypraeidae. — Although the cypraeids are among the best known 
of Pacific prosobranchs, astonishingly little is known of their life histories 
and nothing at all for Australian species. Ostergaard (1950) describes 
the early stages of five Haiwaian species of Cypraea, all of which lay 
numerous small horny capsules from which hatch planktotrophic veligers, 
and records instances of brood protection on the part of the females. 
Lebour (1932) describes similar capsules and veligers for Simnia patula 
and (1937) mentions that brood protection and small horny capsules are 
typical of the family. 
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Lamellariidae. — Only a few lamellariid species are recorded for 
Australia, and little is known of them, but any of them would repay 
further examination as to their life histories, for such information as we 
have on this family shows it to have a unique pattern of development 
involving planktotrophic veligers characterised by an additional larval 
shell, presumably flotatory in function, known as echinospiras. Furthermore, 
the eggs are laid in capsules within holes bored in the tests of compound 
ascidians by the spawning female. Such a life history pattern has been 
recorded for Lamellaria conspicua (Ankel 1935, Lebour 1985a) and 
Trivia europea (Pelseneer 1926, Lebour 1931b), and is probably followed 
by Velutina velutina (Lebour 1935, 1937). 


Cassidae. — Nothing is known of cassid life histories. As with 
cerithiids, the common Australian species of Cassia, Xenogalea and 
Phallium, etc., provide a unique opportunity to fill this gap. 


Cymatiidae. — Many well-known species of symatid occur on the 
Australian coast, belonging to such genera as  Charonia, Monoplex, 
Cymatilesta and Mayena. The life history of Cymatilesta spengleri has 
been described (Anderson 1959), the eggs being laid in an elaborate group 
of capsules from which hatching occurs at the crawling stage; but no 
other life history within the family is known. Variations in the life 
history patterns of different species must be considerable, however, and 
deserve further study, since Lebour (1945) records planktotrophic veligers 
for two species of Cymatium from Bermuda. 


(3) Order NEOGASTROPODA. 


Buccinidae. — Life histories are recorded for three species of 
buccinid, Pallia tincta (Lebour 1945), Sipho sp. (Thorson 1935) and 
Buccinum undatum (Portmann 1925, 1926, 1927, 1930, Lebour 1937). 
All lay their eggs in tough capsules and are typified by many nurse eggs 
and the hatching of a few young at the crawling stage. It would be 
interesting to know whether the Australian species of Cantharus, Cominella, 
etc., confirm this as the typical pattern. 


Nassariidae. — Like the buccinids, the nassariids appear to. show 
a single life history pattern characteristic of the family, producing horny, 
tough, bottle shaped capsules from which the young hatch as planktotrophic 
veligers. This has been found for Nassarius reticulatus (Pelseneer 1911, 
Ankel 1929, Lebour 1931a, 1937), N. pygmaeus (Vestergaard 1935) and 
N. incrassatus (Lebour 1931a). We do not yet know if it is true for 
Australian species of Nassarius, Parcanassa, etc. 


Fasciolariidae. — Very little is known of fasciolariid life histories. 
Portmann (1955) provides a little on Fusus, while Allen (1950) briefly 
refers to the Australian species Pleuropoca australasia, which lays its 
eggs in bell-shaped capsules from which the young, after a cannibalistic 
existence, hatch at the crawling stage. We need to know much more 
of species of such genera as Colus and Peristemia. 


Galeolidae. — One of the largest of all prosobranchs, Megalo- 
tractus aruanus, graces the Australian shore as a member of this family. 
Allén (1950) describes the complex egg capsules of this species, from 
which the young hatch at the crawling stage, but we do not yet know 
the details of its development or of that of any other galeolid save 
Fulgur, described by Conklin (1907), with a life history pattern similar 
to that of Megalotractus. 
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Muricidae. — The life histories of several species of muricid have 
been described. All lay their eggs in vase-shaped capsules, from which 
the young hatch at the crawling stage (Trophon muricatus (Lebour 1936), 
T. clathratus (Thorson 1940), Murex blainvillei (Franc 1948), Urosalpinx 
cinerea (Lebour 1937), Nucella lapillus (Pelseneer 1911, Portmann 1925, 
1926, 1930, Lebour 1937), Neptunea antiqua (Thorson 1935, 1941)), 
while in the two last-named species the young consume numerous nurse 
eggs before hatching. Bedeva (= Trophon) hanleyi is the only Australian 
species whose life history is known (Hedley 1916), and it resembles those 
species above which lack nurse eggs. Much remains to be learnt of 
species of Chicoreus, Acupurpura, Murex, Agnewia, etc., on Australian 
shores. . XM 

Mitridae, — Species of mitre shell remain common yet unstudied, in 
such genera as Vexillum, Strigatella and Vicimitra. The only information 
on life histories in this family is provided by Ostergaard (1950), who 
states for Mitra astricta and M. auriculoides that the eggs are laid in vase- 
shaped capsules and the young hatch as late veligers, probably briefly 
pelagic. 

Conidae. — The many species of cone common on Australian shores 
again have unknown life histories. A few species have been briefly 
studied in other countries by Ostergaard (1950), Lebour (1945), Thorson 
(1940) and Risbec (1932). All lay their eggs in flattened egg pouches, 
but while the majority hatch as planktotrophic veligers, at least one 
species, Conus omaria, hatches at the crawling stage. 


Turridae. — In this family, as in the cones and mitres, meny species 
occur and none have been studied. We have some information from 
the work of Vestergaard (1935) and Thorson (1935) to show that some 
species of Bela hatch crawling, while Lebour (1933b, 1934b, 1937) has 
shown that species of Philbertea and Mangelia have planktotrophic veligers. 
Eggs always appear to be laid in lens-shaped capsules. 


Volutidae. — Volutes are numerous on Australian shores, and in 

other parts of the world, yet only one species has been investigated as 
to its life history. This is the well-known Australian Baler shell, Melo 
umbilicata, which is described by Allen and Middleton (1946) as producing 
a complex mass of egg capsules from which the young hatch crawling at 
a late stage of development. As with the cones and so many other families, 
there are numerous problems of distribution and systematics in the volutes 
which require as an aid to their solution a detailed knowledge of life 
histories. 
For the rest, the Thaididae (Mancinella, Dicathais, Morula, etc.), 
Magilidae (Rapa, Magilus, etc.), Harpidae ( Harpa, etc.), Oliviidae (Oliva 
spp.), Marginellidae (Marginella spp.) and Terebridae (Terebra, etc.), 
not only is there no recorded knowledge of the life histories of Australian 
species, but there is no information as to the life history patterns of any 
species. Among these completely unknown families and among those for 
which we have an amount of information that, as shown above, is small 
at best, the problems outlined in the introduction stand out strikingly. 
No one worker can possibly solve them all. It can only be hoped that all 
those whose interests lie among molluscs will see fit to add where they 
can to this fascinating and biologically important story. 

I would like to thank Miss I. Bennett and Dr. D. F. McMichael for 
their advice on a number of matters connected with this paper. 


26 


REFERENCES. 

ALLAN, J., 1950. Australian Shells (Georgian House, Melbourne). 

ALLAN, J., and MIDDLETON, T. C., 1946. Observations on the egg 
case and young of the Baler Shell, Melo umbilicata Brod. . Vict. 
Nat., 62: 172-177. 

ANDERSON, D. T., 1959. The reproduction and early life history of 
the gastropod Cymatilesta spengleri (Perry) (Fam. Cymatidae). 
Proc. Linn. Soc. N.S.W. 84: 232-237. 

ANDERSON, H., 1958. The gastropod genus Bembecium Phillipi. Aust. 
J. Mar. Freshw. Res., 9: 546-568. 

ANKEL, W. E., 1929. Uber die Bildung der Eikapsel bei Nassa-Arten. 
Zool. Anz. Suppl. 4: 219-230. 

—————-, 1930. Náhreierbildung bei Natica catena (da Costa). Ibid., 
89: 129-135. 

, 1935. Das Gelege von Lamellaria perspicua L., Z. Morph. 
Okol, Tiere, 30: 635-647. 

, 1936. Prosobranchia, in: Tierwelt N.-u-Ostsee., 9b: 1-240. 

, 1938. Beobachtungen an Prosobranchiern der Schwedischen 
Westküste. Ark. Zool., 30A: 1-27. 

BONDENSEN, P., 1940. Preliminary investigations into the development 
of Neritina fluviatilis L. in brackish and fresh water. 'Vidensk. 
Medd. Dansk Naturh. Foren., 104: 283-317. 

BOUTAN, L., 1885. Recherches sur Yanatomie et le développement de la 
Fissurelle. Arch. Zool. exp. gén. Ser. 2, 8: 1-178. 

, 1898. Sur le développement de l'Acmaea virgininea. C.R. 
Acad. Sci, Paris, 126: 1877-1879. 

, 1899. La cause principale de l'asymetrie des mollusques 
gastéropodes. Arch. Zool. exp. gén. Ser. 3, 7: 203-842. 

COE, W. R., 1949. Divergent methods of development in morphologically 
similar species of gastropod prosobranch. J. Morph., 84: 383. 

CONKLIN, E. G., 1897. The embryology of Crepidula. A contribution 
to the cell lineage and early development of some marine gastro- 
pods. J. Morph., 13: 1-226. 

1907. The embryology of Fulgur. A study of the influence of 
yolk on development. Proc. Acad. nat. Sci. Philad., 59: 320-359, 

CROFTS, D. R., 1937. The development of Haliotis tuberculata, with 
special reference to organogenesis during torsion, Phil. Trans. 
Roy. Soc. Lond. B, 228: 219. 

, 1955. Muscle morphogenesis in primitive gastropods and its 
relation to torsion, Proc. zool Soc. London, 195: 711-750. 

DELSMAN, H. C., 1914. Entwicklungsgeschichte von Littorina obtusata. 
Tijdschr. ned. dierk, Ver., 18: 170-340. 

DODD, J. M., 1957. Artificial fertilization, larval development and 
metamorphosis in Patella. Pubbl. Staz. zool. Napoli, 29: 172-186. 

FRANC, A., 1948. Sur la ponte et le développement de Murex blainvillei 
Payr. J. Conchyliol., 88: 10-12. 

GALLIEN, L., and LARAMBERGUE, M., 1988. Biologie et sexualité 
de Lacuna pallidula Da Costa (Littorinidae). Trav. Sta. zool. 
Wimereux, 13: 293-306. 

GERSCH, M., 1986. Die Genitalapparat und die Sexualbiologie der 
Nordseetrochiden. Z. Morph. Okol. Tiere, 31: 106-150. 


27 


HAYES, F. R., 1929. Contribution to the study of marine gastropods. 
III. Development, growth and behaviour of Littorina. Contr. 
Canad. Biol. Toronto, N.S., 4: 413-430. 

HEDLEY, C., 1916. Studies on Australian Mollusca. Part XIII. Proc. Linn. 
Soc. N.S.W., 41: 680-719. 

———————, 1923. Studies on Australian Mollusca. Part XIV. Ibid., 48: 
301-316. 

HERTLING, H., 1928. Beobachtung und Versuche an den Eiern von 
Littorina und Lacuna. Bedeutung der Eihüllen. Wiss. Meeresun- 
tersuch. Abt. Helgol., 17: 49 pp. 

, 1931. Uber den Einfluss des veranderten Mediums auf die 
Entwicklung von Lacuna divaricata, besonders auf die Bildung 
der Schale. Ibid., 18: 1-27. 

, 1982. Zur Kenntnis des Laichbandes und der Veligerlarven 
von Natica pulchella Risso. Zool. Anz., 100: 95-100. 

HERTLING, H., and ANKEL, W. E., 1927. Bemerkungen uber Laich und 
Jugendformen von Littorina und Lacuma. Wiss Meeresuntersuch. 
Abt. Helgol., 16: 13 pp. 

LEBOUR, M. V., 1931a. The larval stages of Nassarius reticulatus and 
Nassarius incrassatus. J. Mar. biol. Ass. U.K., 17: 797-818. 

, 19831b. The larval stages of Trivia europea. Ibid., 17: 819-832. 
, 1932. The larval stages of Simnia patula. Ibid., 18: 107-115. 

, 1933a. The eggs and larvae of Turritella communis Lamarck 
and Aporrhais pespelicani (L.). Ibid., 18: 499-506. 

, 1933b. The eggs and larvae of Philbertia gracilis (Montagu). 
Ibid., 18: 507-510. 

, 1984a. Rissoid larvae as the food of young herrings. The eggs 
and larvae of the Plymouth Rissoidae. Ibid., 19: 523-539. 

, 1934b. The eggs and larvae of some British Turridae. Ibid., 
21: 541-554. 

, 1935a. The echinospira larvae of Plymouth. Proc. zool. Soc. 
Lond., 1935: 163-174. 

, 1935b. The breeding of Littorina neritoides. Jour. Mar. biol. 
Ass, U.K., 20: 373-378. 

, 1936. Notes on the eggs and larvae of some Plymouth proso- 
branchs. Ibid., 90: 547-565. 

, 1937. The eggs and larvae of the British prosobranchs, with 
special reference to those living in the plankton. Ibid. 22: 
105-166. 

, 1945 The eggs and larvae of some prosobranchs from Bermuda. 
Proc. zool. Soc, Lond., 114: 462-489. 

LINKE, O., 1934. Beitráge zur Sexualbiologie der Littorinen. Z. Morph. 
Okol. Tiere, 98: 170-177. 

LO BIANCO, S. 1899. Notizie biologiche riguardente specialmente il 
periodo di maturita sessuale degli animale de Golfo di Napoli. 
Mitt. zool. Sta. Neapel, 8: 385-440. 

MOORE, H. B., 1937. The biology of Littorina littorea. Part I. Growth 
of the shell and tissues, spawning, length of life, mortality. J. 
Mar. biol. Ass. U.K., 91: 721-742. 

MOORHOUSE, F. W., 1932. Notes on Trochus niloticus. Sci. Rep. Gr. 
Barrier Reef Exped., 3 (5): 145-155. 

MORTON, J. E., 1959. “Molluscs”. (Hutchinson: London.) 


28 


———— — ae eS —À 


MURAYAMA, S., 1935. On the development of the Japanese Abalone, 
Haliotis gigantea. J. Coll. Agric. Tokyo, 13: 227-233. 

ORTON, J. H., 1909. On the occurrence of protandric hermaphroditism 
in Crepidula fornicata. Proc. Roy. Soc. Lond. B, 81: 468-484. 

, 1992. The phenomena and conditions of sex-change in the 
oyster (O. edulis) and Crepidula. Nature, Lond., 110; 219-214. 

OSTERGAARD, J. M., 1950. Spawning and development of some Haiwaian 
marine gastropods. Pacific Sci., 4: 75-115. 

PATTEN, W., 1886. The embryology of Patella. Arb. zool, Inst. Univ. 
Wien, 6: 149-174. 

PELSENEER, P., 1911. Recherches sur lembryologie des Gastropodes. 
Bull. Sci. Fr. Belg., 44: 1-167. 

, 1926. Notes d'embryologie malacalogique. Ponte et développe- 
ment de Cypraea europea, Triforis perversa et Lucina lactea. 
Ibid., 60: 88-112. 

PORTMANN, A. 1925. Der Einfluss der Náhreier auf die Larven 
Entwicklung von Buccinum und Purpura. Z. Morph. Ókol. Tiere, 
8: 526-541. 

, 1926. Le róle spermatozoide atypique dans la formation des 
oeufs nourriciers de Buccinum undatum L. Arch. Zool. exp. gén., 
65: 103-124. e 

, 1927. Die Nahreierbildung durch atypische Spermien bei Bucci- 
num undatum L. Zeitschr, Zellforsch., 5: 930-943. 

, 1930. Die Larveneieren von Buccinum undatum L. Ibid., 10: 
401-410. 

, 1955. La métamorphose “abritée?” de Fusus. (Gast. Proso- 
branchs). Rev. suisse Zool., 62: 236-252. 

RISBEC, J., 1932. Notes sur la ponte et le développement de mollusques 
gasteropodes de Nouvelle—Caledonie, Bull. Soc. zool. Fr., 57: 
358-374. 

ROBERT, A., 1902. Recherches sur le développement des Troques. Arch. 
Zool. exp. gén., Ser. 3, 10: 269-538. 

SMITH, F. C. W., 1935. The development of Patella vulgata. Phil. Trans. 
Roy. Soc. Lond. B, 225: 95-125. 

THORSON, G., 1935. Studies on the egg capsules and development of 
Arctic marine prosobranchs. Medd. Grnland, 100: 1-71. 

,1940. Studies on the egg masses and larval development of 
Gastropoda from the Iranian Gulf. Danish Scientific Investigations 
in Iran, Part 2: 159-238. 

, 1946. Reproduction and larval development of Danish marine 
bottom invertebrates. Medd. Komm. Danmarks Fisk., ser. Plank- 
ton, 4: 1-523. 

, 1950. Reproduction and larval ecology of marine bottom 
invertebrates. Biol. Rev., 25: 1-45. 

VESTERGAARD, K., 1935. Uber den Laich und die Larven von Scalaria 
communis ( Lam.), Nassarius pygmaeus (Lam.) und Bela turricola 
(Mont.) Zool. Anz., 109: 217-922. 

WERNER, B. 1955, Uber die Anatomie, die Entwicklung und 
Biologie des Veligers und der Veliconcha von Crepidula fornicata 
L. Helgoland, wiss. Meeresuntersuch 5: 169-217. 

WILLCOX, M. A., 1905. Biology of Acmaea testudinalis Mull. Amer. 
Nat., 39: 325-333. 

29 


